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Cintron: Systems Design by Crisis: One Remedial Approach

The need for thorough documentation of each step
in a systems study has been repeated
infinitum.
Here are some specifics—what one federal bureau has
done to ensure that everyone knows what’s being
done and why—

SYSTEMS DESIGN BY CRISIS:
ONE REMEDIAL APPROACH
by Dennis Cintron
Federal Highway Administration

"The manager of Department
X needed his data process
ing system yesterday. You promis
ed it for then, and now you can’t
even deliver it tomorrow.”
This crisis situation may sound
familiar. It should, for it is all too
common in data processing depart
ments that fail to plan far enough
in advance to provide for well de
fined, well documented, and well
structured systems—or whose plan
ning is too sketchy to be of real
value in the design phase of the
systems process.
It is true that much, if not most,
systems design cannot be done
years in advance. Data processing
equipment and programs become
obsolete far too rapidly.
But there is one phase of systems
design that can and should be
done well ahead—the analysis and
projection of the system user’s
needs. This article describes the
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way in which this is done in the
Federal Highway Administration
and the use of our principal plan
ning tool, the Systems Folder (a
tool, incidentally, that goes a long
way toward establishing the docu
mentation whose importance ac
countants are so strongly empha
sizing these days).
The typical user of data process
ing, of course, does not know
enough about the field to be able
to define everything that the
systems designer and programer
need to know about his system. He
needs plenty of help from the
systems staff before he can identify
his present, let alone his future,
needs. Our technique is to assign
a representative from the systems
and programing staff to talk to
each user about his needs now, a
year from now, five years from
now, and even further in the future
if possible. If the systems man

really understands the user’s plans,
he can help him define his true
wants and needs in detail.
When the system requirements
are properly defined, the designer
can produce well structured mod
ular system designs that will meet
or surpass the user’s needs. The
programer will have enough lead
time to debug the system com
pletely. The programer will not
have to keep going back to the user
asking, “What do you mean by
this?”
The cost of carefully defining re
quirements in advance may be
$15,000 to $25,000 a year. It is
money well spent. The systems
representative is acting
an in
ternal data processing consultant
for the user. If he keeps a single
large system from being sent back
for reprograming after it has been
completed and tested, he has cov
ered the costs.
23
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The systems designers gain. The
primary function of a professional
systems designer is to apply cre
ativity to the task of producing
data processing efficiency. If the
systems representative has done his
job well, the designer can con
centrate on making full use
the
valuable skills of his profession.
Programer morale improves and
turnover rate declines because the
programers have more level work
loads and do not have to repro
gram
frequently.
The users gain. Nearly any user
would prefer to work with one
person who understands all
his
needs. Trying to work with ten
programers, each of whom under
stands only a part of the problem,
presents the user with a burden
coordination that he is not likely
to enjoy.
The data processing manager
gains in all respects. His recogni
tion in the organization increases
because he gets things done. He
also gets time to think. That means
new ideas and more efficiency in
the data processing organization.
Crises arise less frequently than
before, but if one does occur, the
organization is in a better position
to meet it. The user is no longer
on the data processing manager’s
back to “get things done.” The
user is working with a systems
representative who has served him
in the past and understands the
nature of his problems. The user

knows that the only way he can
ease his own crisis is by defining.
He knows that he must define be
fore detailed design and program
ing can proceed. If the system has
first been defined and approved
by the user, the designer can create
a sound design and programers can
produce easy-to-follow, bug-free
programs. Everyone has a well de
fined, well thought out, firm plan
of action from which to proceed.
All documentation, from definition
through programing,
good,
too, because the system was prop
erly defined the first time.
The time spent defining needs is
never wasted. Even if the system
originally conceived never ma
terializes, the systems and pro
graming people still have acquired
considerable insight into the users’
future needs. With this insight,
they are in a better position to see
that the users get what they need
when they need it.

The process
The top executive should take
the initiative in requiring that com
puter users submit their planned
data processing needs five years
into the future. These plans should
be oriented to the users’ problems,
not tied to specific hardware or
software. It is never wise to be
bound to specific hardware when
defining a system that is to be de
signed in the future. Data process

ing software and hardware become
obsolete far too quickly to define
a system inflexibly.
We start with a standard onepage form that gives only the es
sentials of the planned system. In
formation on the form includes the
user’s organization, his office, his
name and his phone number, the
status of the system, the due date,
and a four-line narrative descrip
tion of the purpose of the system.
After the data processing man
ager receives the completed form
from the user, he makes a copy
of it and sends it back to the user
together with a letter stating that
the systems representative will be
contacting him soon. Then he sends
the original request to the systems
man. This request form provides
the systems representative with
enough information for his first con
tact with the user. The systems
man now can schedule an inter
view. On the telephone he usually
gives the user a general idea of
the needs of systems and program
ing so that the user will be pre
pared to think in the same terms
as the systems representative dur
ing the interview.
The systems man’s purpose in the
first interview generally is to get
acquainted with the user and his
requirements and begin to think
about problem-solving procedures
that could be applicable in the
user’s problem area. He brings the
discipline of systems analysis to

The top executive should take the initiative in requir
ing that every computer user submit his planned
data processing needs five years into the future.
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The Systems Folder at our installation is a six-section, two-part
folder, which links all information together. The first part, Man
agement Information, contains all managerial decision making
information. The second part, System Design/Programing Infor
mation, contains all problem information linked for systems design.

the user and attempts to bring
about an exchange of ideas that
will benefit both the user and the
systems and programing group.
The systems man takes notes on
what the user wants the system to
do. Later he organizes his notes
and analyzes them. By organizing
the notes in a manner that links
the steps of the problem from the
input to the output, the systems
man can find the holes that lead to
future misunderstandings. He will
try to plug the holes when he finds
them; if he cannot, he will
them.
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In this manner, everyone knows
what is needed and, also, the
things that are missing.

Systems folder
The systems representative has a
great number and variety of systems
to handle. He will not be able to
remember everything about all the
systems he defines. And that is
good. If he had that type of recall
and wrote down nothing, the or
ganization would have nothing if
he left. His analysis must be cap
tured on paper. A good system def
inition folder is composed of forms
so designed that they make errors
and omissions obvious to everyone
at first glance. When the analysis
is organized in this manner, the or
ganization has tangible, useful
documentation for
long as the
problem exists. We prefer forms
because they clearly define the sys
tem to the systems designer with
a minimum of narrative.
The Systems Folder at our instal

lation is a six-section, two-part
folder. This folder is composed of
forms that link all information
together. The first part, Manage
ment Information, contains man
agerial decision making informa
tion that is clear and concise. The
second part, System Design/Pro
graming Information,
contains
problem information that is com
pletely linked for systems design
and programing.
The Management Information
Part, Part One, has three sections.
Section One, the Purpose of the
System, contains a four-line narra
tive of what the user wants from
the system. Section Two, the Para
meters of the Problem, indicates
the variables that enter into the
solution of the problem. Section
Three, the Sources of the Data,
shows where the user obtained his
data.
The System Design/Programing
Information Part, Part Two, con
tains three sections. Section One,
the Output Analysis, defines the
25
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ends sought
by the user.
Section
user of
has
to verify
a theory
and a Vol.
also
finds that
Two, the Input Analysis, defines
technique called conflicts analysis.
already been generated so that
the type of input that the user will
According to the user, it is a
there will be demand for the re
enter into the system. Section
“method for inexpensively optimiz
sults of the project in all the states
Three, the Process, describes the
ing the safety of an intersection de
and in foreign nations as well.
flow of data from input to output
sign. This will resolve a municipal
After several interviews with the
and all the procedural steps to be
planning safety problem.”
user the systems man begins to get
taken to reach that goal.
The first thing the systems man
a feel for the magnitude of the
If the systems representative must
knows about this job is that the
systems and programing effort. The
also serve a systems designer (as
user’s name is Bill Baker and that
project is still in the first stages of
he may have to in small installa
he is a member of the traffic opera
basic research. There will be a lot
tions ), there should be an optional
tions division. His name and or
of problem definition required
third part of the systems folder, the
ganization code on the form tell us
from Bill and a lot of programing
Decision Tables, which would de
this.
and detailed systems work to do.
scribe the logic of the programs
Statistical techniques for correla
The systems man knows Bill’s
within the system.
room and phone number and what
tions have yet to be selected or de
When the Management Informa
signed. Sophisticated procedures
he wants the system to do, in gen
tion Part has been completed, the
eralized user’s terms, of course.
for optimality analysis have to be
manager has a concise, document
employed, possibly requiring re
The systems representative calls
ed basis for assessing the value of
Bill and gets him prepared for what
gression analysis, mathematical
the system to the total organization
programing, and game theory. In
the systems and programing group
and assigning priorities on system
wants. He tells him what his own
short, it looks like a very com
design, programing, and computer
plicated project. The systems and
function is and schedules an in
time. When the System Design/
programing effort and the com
terview with him to discuss his
Programing Information Part has
puter time will be costly.
system. Bill now knows more about
been completed, the system de
We will begin to receive data
the systems representative and his
signer has all the user data already
function.
from the state highway depart
gathered for him and can devote
ments that are collecting the data
During the initial interview the
his time to producing well struc
systems man finds out a little about
in about four months. This implies
tured modular programing systems
Bill. He is looking for answers to
that the initial phase of the sys
that optimize the use of the exist
tem, the sort, edit, and update
questions like these: What is his
ing hardware.
programs, should be completed by
research background? What are his
If the systems man is serving
the time initial inputs are already.
sources of data? How reliable are
The system will be completely de
the systems designer, the third
they?
fined by the user in about six
part, the Decision Tables, provides
During the first interview the
months. This implies that the pro
the programers with a clean mod
systems man will probably not be
cessing phase of the system will
ular design that will help them
able to define the system well
not begin until some actual data
build bug-free programs from the
enough for data processing, but he
have become available for testing.
start.
will begin to understand what Bill
Although data submission by the
The Systems Folder creates con
wants out of the system. The sys
states will not be complete until a
tems representative knows from ex
cise system documentation with all
year from now, it may be possible
loose ends flagged. Both the user
perience that in a research project
to accelerate completion of sys
it may take several interviews to
and the systems staff know if holes
tems and programing before then.
define a system adequately from a
exist and where they are. A power
data processing standpoint.
This can be accomplished if the
ful package like the Systems
As
it
turns
out,
the
systems
man
user can define his system in stages.
Folder puts a sound basis for re
finds that Bill has had a lot of pure
If this breakdown is feasible, the
solving the user’s problem in the
system can be designed and pro
research experience and is well
hands of management, systems de
versed in data processing. He has
gramed in modules on the basis
signers, and programers.
a traffic operations project that is
of the user’s definitions.
With the deadlines known, the
much needed by state, local, and
Example
system can be divided into logical
municipal governments: a way to
The best way to illustrate how
phases and defined, approved, and
forecast the safety of an intersec
this technique works is to present
scheduled for design and program
tion even before an accident takes
an example of the process that the
place on it. In addition, using the
ing in acceptable modules.
systems man follows in a particular
The first part of the Systems
same data, he has found a way
application area.
to maximize the safety of any
Folder contains management infor
Let us take an example from
given urban or rural intersection
mation. In Part One, Section One,
traffic operations research. The
at minimum cost. The systems man
the Purpose of the System, the sys26
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tems man documents that Bill’s sys
tem is an attempt to verify the
theory that if there are a number
of near accidents (or conflicts) in
an hour, there will be a propor
tional number of actual accidents
in a year.
If the correlation of historical ac
cident data to conflicts proves sig
nificant, counting conflicts at an
intersection in an hour could give
a good indication of the number
of accidents that will occur at that
intersection in a year. Statistically
relating information about the type
and number of conflicts to the
types of correlative measures that
alleviate conflicts can provide a
basis for designing an optimally
safe intersection.
The number
conflicts (near accidents) at a given inter
The second section, the Para
section
per
hour
give a good indication of the num
meters of the Problem, indicates
ber
accidents that will occur at that intersection in a year.
that the variables surrounding the
problem include the traffic flow,
the conflicts, and the intersection
data. The Systems
Folder shows
which puts him in a position to be
Information Part, the Process, the
of
the numerical method that Bill will
systems man gives the designer a
more valuable to top management.
use for describing the flow of traf
So, even if the systems man only
description of the links between
through an intersection, for de
fills out the Management Informa
input and output. If any link is
scribing conflicts, and for describ
tion Part, he has covered his costs.
missing, that will be demonstrated
ing the type and size of the in
But now he has established a
in this section. This section
tersection.
working relationship with Bill. As
contains a system decision table
The third section, the Sources
a result, he can now define his sys
and a preliminary systems flow
Data, shows that state highway
tem in greater detail than before
chart that can be used to divide
departments will collect data for
and at the cost of little additional
the system into modules for sched
the user through established data
time. The input and output an
uling. If any items are missing, the
collection procedures, which are
systems man can follow up on these
alysis sections of the System Dealso described in the third section.
sign/Programing Part, Part Two,
until Bill has given him a com
These forms are shown to be easily
are completed by entering a line
pletely clean definition. Bill’s vital
keypunchable. Gathering the data
by-line detailed analysis of both
interest in meaningful output en
accurately on these forms requires
the input and the output. After the
sures that he will be most happy
little
or training.
analysis of the input and output
to fill in any omission that may
formats has been completed, the
prevent completion of a perfectly
clean definition. The systems repre
analyst relates each item of the
Other benefits
sentative has already seen the value
output to the input or to some in
The data processing manager
of the system to the organization
termediate step in the process. By
now has an idea of what Bill’s pro
and can give the designer complete
this process of linking input to out
ject is about. He has an estimate
information that is well tied to
put, he has helped the systems de
the cost of the project. He can see
gether. The designer can afford to
signer in the same manner
he
the project’s impact and value to
spend more time in planning and
helped the manager. Documenta
the entire organization and can
creating a clean, efficient modular
tion that is problem-oriented is
allot resources accordingly. He
design that employs the hardware
never obsolete. The system design
does not spend time or money on
currently installed and the capa
er can always use the systems
ill-conceived projects or projects
bilities of his personnel most effi
documentation to create the most
of questionable value to the orga
cently. This time is well spent. It
efficient machine-oriented techni
nization as a whole. He has the
will pay high dividends in the pro
ques and processes to arrive at the
information needed to reconcile
graming phase.
output from the input.
The systems man can perform all
the objectives of this project with
By filling out Section Three of
of the liaison between the user and
the Systems Design/Programing
total organizational objectives,
27
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the systems group. Systems de
tion and approval by the systems
as well as a process by which the
signers and programers need to
man. When this happens, the sys
work flows from input to output.
contact the user with much less
tems man has worked himself out
The process serves as a basis for
frequency. The systems man has
of a job—and, if the manager is
determining whether a system is
flagged the holes. The designer can
smart, into a bigger one. He has
completely unified and a method
ask the user specific questions on
become familiar with the many ap
for tying any loose ends together.
the basis of these
When ques
plication areas in the organization
Part Three, Decision Tables, is
tions like “What do you mean by
and their problems. Training of
an optional section used when the
this?” or “How did you get to this?”
this nature provides a solid foun
systems man also does detailed de
dation for any top-echelon execu
have all been answered or flagged,
sign and analysis. This part pro
the Systems Folder is submitted to
tive.
vides the programer with a com
the user for approval. The user’s
plete series of decision tables that
approval is the green light that in
can be used to prepare well struc
Review
dicates that the system is ready
tured modular programs.
In summary, these are the ele
for detailed systems design and
At a more detailed level, each
ments of the three-part Systems
programing. Approval avoids the
section interrelates.
embarrassing situations caused
Folder.
Part One, Section One, the Pur
Part One, Management Informa
when a user says, “This is not what
pose of the System, provides the
tion, provides the preliminary in
I said I wanted.”
manager and the systems designer
formation required to understand
An additional benefit of this ap
with the system purpose. This sec
proach is that the systems man edu
what the user intends to do and
tion provides an integrating point
to evaluate how well he will be
cates the users in systems defini
for the manager to judge the worth
able to do it—in short, a basis for
tion techniques for data processing.
of the system: How well does the
judging the value of the user’s sys
Since the systems representative
planned system serve its own pur
tem to the organization as a whole.
has proved that the systems ap
pose? Placing this integrating point
proach really has helped the user to
Part Two, Systems Design/Profirst on the report keeps the pur
define his problem, users begin to
graming Information, describes the
pose that the system is trying to
turn in complete, well defined
outputs desired and the inputs
fill paramount in everyone’s mind.
statements that only need examina
from which to derive the outputs
Part One, Section Two, Para
meters of the Problem, indicates
the type and scope of the data to
be processed. An examination of
the parameters will indicate the
important variables whose absence
may endanger the validity of the
results.
parameter may have
been overlooked by the researcher.
Putting the information in this for
mat makes it likely that any mis
sing parameter will be discovered
long before programing begins. If
the researcher is aware of the mis
sing parameter but has not yet
established it, that fact will be
shown in this section. The manager
thus has another basis for judging
the worth of the system: Are all
parameters well thought out and
adequately defined? If the answer
is no, the researcher cannot logic
ally expect his system to meet his
needs.
Part One, Section Three, Sources
of Data, indicates whether the
data will meet the requirements
established by the Parameters of
the Problem. If the sources of data
are poor, the validity of the end
The systems representative has flagged holes. The designer can
product is seriously in question. Is
ask the user specific questions on the basis of these flags.
28
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When errors are discovered too late, the user complains, "It's the programer's
fault," while the programer argues back, "You didn't say what you wanted."

it an integrated system that com
pletely fills the requirements of
the problem? How much does the
user know and expect from data
processing? If he knows too little
and expects too much, he may
 not
be able to communicate with the
systems man, or he may be unable
to accept data processing definition
techniques that could be helpful
in creating a more purposeful sys
tem. By analyzing this section, the
manager has a final basis for judg
ing whether the system can fill the
needs of the user: Are the sources
of data reliable? Will they give
meaningful, representative data, or
will we get garbage in and, as a
result, fail to meet the ends sought
by the system?
Part Two, Systems Design/Programing Information, Section One,
Output Analysis: What does the
desired output look like? The sys
tem designer can judge this out
put against the purpose of the
system to see if it is compatible
with the requirements. By placing
the output first in Part Two, the
system designer can keep the end
result sought firmly in mind.
Part Two, Section Two, Input
Analysis: What does the data base
look like? What documents will
be submitted by the user? How
will they be converted to machinereadable form? How are the fields
tied to the results desired? By
studying the Input Analysis, the
designer may meaningfully relate
the purpose and the parameters to
input and output.
July-August, 1969
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Part Two, Section Three, Pro
cess : How do the data flow through
the system? This section ties inputs
to outputs. Process provides the
designer with major decision points
and computations in the system. It
shows the relationships among the
results sought and the input. If any
portion of the data base fails to
relate to the output desired, that is
documented here.
No loose ends

This document is the basis for
discovering missing inputs, para
meters, or interrelationships. “Mis
sing links” are now obvious to any
reader at the outset. There are no
loose ends to tie together at the
last moment when programing
changes would be costly and frus
trating.
By organizing through the
tems Folder the systems man can
see loose ends and ask the user
specific questions. When a system
is defined this tightly, there is
considerably more plan with less
aimless action.
The only alternative to a well
defined approach is systems design
and programing by crisis. In this
instance, programing is done from
the top down. The programs are
then compiled and debugged. Out
put is then corrected and returned
to the user for reprograming. Er
rors are discovered too late; then
time is wasted in fault-finding. The
user complains; “It’s the pro
gramer’s fault.” The programer ar

gues, “You didn’t say what you
wanted.”
What are the implications?
Programers’ professional needs
are to be vitally involved in re
solving a problem that is interest
ing and complex in and of itself.
They are only secondarily interest
ed in making certain that the user
has communicated his needs prop
erly. As a result they may not be
aware of the true requirements of
the user.
The user, on the other hand, is
so completely involved in his pro
ject that he often fails to define re
quirements that are quite obvious
to him yet quite obscure to the
data processing group.
Problems of definition have to
be solved, regardless of who is
found to be at “fault.” These prob
lems can and should be avoided.
The net loss is to the entire or
ganization, not just to the user
group or the data processing group.
In the last analysis, when the
organization as a whole loses no
group within it wins.
There is no one at “fault” who
“causes” a crisis. Crisis situations
result from the usual lack of com
munication between any two dis
ciplines. Crises are prevented
through understanding. Under
standing is created through effec
tive communication.
The systems man and his tool,
the Systems Folder, help create
the communication that is needed
to cut the interdisciplinary under
standing gap.
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